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FIG . 2 
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FIG . 3 ( Embodiment 1 ) 
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FIG . 4A 
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FIG . 5A 
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FIG . 6A 
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FIG . 7A ( Modification 1 ) 
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FIG . 7B ( Modification 1 ) 
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FIG . 8A ( Modification 2 ) 
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FIG . 9A ( Modification 3 ) 
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FIG . 9B ( Modification 3 ) 
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FIG . 10 ( Embodiment 2 ) 
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FIG . 11 ( Embodiment 3 ) 

Image processing system 30 
I 
I 
I 
1 

1 
1 
1 
I 
I 

I 
1 

I 
1 1 

1 
I 
1 
1 
I 

Image processing Image display device 32 
device 31 Ambient light 

information Ambient 
( L , M , S ) Ambient light light Chromaticity adaptation information calculator 4 acquisition unit 33 

Influence of chromaticity 
adaptation ( Mad ) 

1 
1 
1 

I 1 

I Color space 1 
1 
I 
1 
1 
I 
I It converter 6 1 

1 
I 
I 
1 Image output unit 5 

I 
1 Image data Output image 
I 
1 
1 

1 Display unit 7 
I 1 
1 
I 

I 

I 
I 
I 1 



U.S. Patent Jul . 5 , 2022 Sheet 12 of 14 US 11,380,239 B2 

FIG . 12 ( Embodiment 4 ) 

Image processing device 41 

Measurement value 
Ambient 

light Ambient light 
information 

acquisition unit 3 

Chromaticity 
adaptation 
calculator 4 

Ambient light information 
( L , M , S ) 

Image display device 42 Influence of 
chromaticity 
adaptation 

( Mad ) 
Color space 
converter 6 Display unit 7 

Output image 

Image data 
Image output 
device 45 



U.S. Patent Jul . 5 , 2022 Sheet 13 of 14 US 11,380,239 B2 

FIG . 13 ( Embodiment 5 ) 
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FIG . 14 ( Another embodiment ) 
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IMAGE PROCESSING SYSTEM , IMAGE the chromatic adaptation with respect to only the particular 
PROCESSING DEVICE , AND COMPUTER color components while enjoying the advantage of the 

PROGRAM chromatic adaptation , resulting in an improvement in the 
visibility of displays under colored ambient light . 

TECHNICAL FIELD Various embodiments of the present invention are 
described below . Any of the embodiments described below 

The present invention relates to an image processing can be combined with each other . Respective features inde 
system , image processing device , and computer program . pendently form the invention . 

Preferably , the image processing system further includes 
BACKGROUND ART 10 an ambient light information acquisition unit configured to 

acquire information on the ambient light as ambient light 
Cases in which a display device is used under particular information and a chromatic adaptation calculator config 

colored ambient light have been increased in recent years . It ured to calculate the influence of the chromatic adaptation 
is known that a phenomenon called “ chromatic adaptation ” caused by the ambient light on the basis of the acquired 
occurs with respect to the perception of a human under such 15 ambient light information and to output the influence of the 
colored ambient light . The term " chromatic adaptation ” chromatic adaptation to the color space converter . 
means that a human perceives the color of the same object Preferably , if the color components include three primary 
as a color different from a color perceived under white light colors consisting of red , green , and blue , the ambient light 
by adapting to ambient light . is a bluish color and the particular color components include 

Under the influence of chromatic adaptation , there occurs 20 a greenish color . 
a phenomenon in which particular color components are Preferably , if the color components include three primary 
more likely to be perceived , while other color component are colors consisting of red , green , and blue , the ambient light 
less likely to be perceived . For this reason , Patent Literature is a reddish color and the particular color components 

include a reddish color . 1 , for example , discloses an image processing device that 
cancels chromatic adaptation so that colors perceived by a Preferably , if the color components include three primary 
user do not change even if ambient light changes . colors consisting of red , green , and blue , the ambient light 

is a greenish color and the particular color components 
CITATION LIST include a reddish color and / or a greenish color . Preferably , the display unit is configured to be able to 
Patent Literature 30 display wider color gamut than the converted color space . 

Preferably , if the converted color space exceeds color 
[ Patent Literature 1 ] JP - A - 2002-41017 gamut displayable on the display unit , the color space 

converter performs a rounding process on the color space so 
SUMMARY OF INVENTION that the color space falls within the color gamut . 

Preferably , the color space of the image data is an sRGB 
Technical Problem color space , and a color space displayable on the display unit 

is color gamut defined by red where X = 0.640 and Y = 0.330 , 
However , the technology of Patent Literature 1 cancels green where X = 0.210 and Y = 0.710 , and blue where 

the influence of chromatic adaptation and therefore also X = 0.150 and Y = 0.060 . 
cancels the advantage of chromatic adaptation that makes 40 Preferably , the color space converter is configured to 
the particular color components more likely to be perceived . allow the user to control a degree of correction of the color 

The present invention has been made in view of the components . 
foregoing , and an object thereof is to improve the visibility Preferably , the image processing system further includes 
of display devices under colored ambient light . a color sensor configured to detect color components of the 

45 ambient light as ambient light information . 
Solution to Problem Preferably , the chromatic adaptation calculator calculates 

the influence of the chromatic adaptation by averaging the 
The present invention provides an image processing sys- ambient light information detected by a color sensor in a 

tem for converting a color space represented by color predetermined period . 
components of image data . The image processing system 50 Preferably , the color space converter sets reference chro 
includes a color space converter configured to correct the maticity serving as a reference in conversion of the color 
color components of the image data by converting the color space so that the influence of the chromatic adaptation on 
space such that , with respect to particular color components intermediate colors is further canceled . 
in user - perceived color gamut widened by influence of Preferably , the reference chromaticity is chromaticity 
chromatic adaptation caused by ambient light , the influence 55 perceived as white due to influence of the ambient light . 
is maintained and such that , with respect to particular color Preferably , the reference chromaticity is chromaticity 
components in user - perceived color gamut narrowed by the belonging to a color component in perceived color gamut 
influence , the influence is canceled and a display unit widened by the influence of the ambient light . 
configured to display , as an output image , the image data Preferably , the color space converter performs different 
using the corrected color components . 60 conversion processes on multiple areas in the color space . 

This configuration cancels the influence of the chromatic Another aspect of the present invention provides an image 
adaptation with respect to only the particular color compo- processing device for converting a color space represented 
nents in the color gamut narrowed by the influence of the by color components of image data . The image processing 
chromatic adaptation and therefore allows the color compo- device includes a color space converter configured to correct 
nents in the color gamut widened by the influence of the 65 the color components of the image data by converting the 
chromatic adaptation to be perceived as more vivid colors . color space such that , with respect to particular color com 
That is , this configuration is able to reduce the influence of ponents in user - perceived color gamut widened by influence 

35 
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of chromatic adaptation caused by ambient light , the influ- FIG . 12 is a block diagram showing the functional con 
ence is maintained and such that , with respect to particular figuration of an image processing device 41 according to a 
color components in user - perceived color gamut narrowed fourth embodiment . 
by the influence , the influence is canceled . FIG . 13 is a block diagram showing the functional con 

Yet another aspect of the present invention provides an figuration of an image processing device 52 according to a 
image processing method for converting a color space fifth embodiment . 
represented by color components of image data . The image FIG . 14 is a graph showing an example of setting of 
processing method includes a color space conversion step of conversion matrixes on respective color gamuts in another 
correcting the color components of the image data by embodiment . 
converting the color space such that , with respect to par- 10 
ticular color components in user - perceived color gamut DESCRIPTION of EMBODIMENTS 
widened by influence of chromatic adaptation caused by 
ambient light , the influence is maintained and such that , with 1. Changes in Color Gamut by Influence of 
respect to particular color components in user - perceived Chromatic Adaptation 
color gamut narrowed by the influence , the influence is 15 
canceled . Referring to FIG . 1 , changes in the color gamut by the 

Still yet another aspect of the present invention provides influence of chromatic adaptation will be described . FIG . 1 
a computer program for causing a computer to perform an shows sRGB color gamut G1 and color gamut G2 perceived 
image processing method for converting a color space by a human when viewing the color gamut G1 under 
represented by color components of image data , the image 20 predetermined blue ambient light . 
processing method comprising a color space conversion step As shown in FIG . 1 , the color gamut G2 perceived when 
of correcting the color components of the image data by viewing the color gamut G1 under the blue ambient light is 
converting the color space such that , with respect to par- displaced from the color gamut G1 so as to be widened in the 
ticular color components in user - perceived color gamut direction of red compared to the color gamut G1 . This means 
widened by influence of chromatic adaptation caused by 25 that the red component in the direction of the complemen 
ambient light , the influence is maintained and such that , with tary color is perceived more vividly under the blue ambient 
respect to particular color components in user - perceived light . On the other hand , the color gamut G2 appears to be 
color gamut narrowed by the influence , the influence is narrowed in the direction of green compared to the color 
canceled . gamut G1 . This means that the green component is less 

30 likely to be perceived . 
BRIEF DESCRIPTION OF DRAWINGS Such cases in which the color gamut is influenced by 

chromatic adaptation include endoscopic surgery under blue 
FIG . 1 is a graph showing changes in the color gamut by ambient light . In an operating room under blue light , those 

the influence of chromatic adaptation . involved in surgery perform surgery while watching a dis 
FIG . 2 is a diagram showing the hardware configuration 35 play displaying image data from an endoscope . At this time , 

of an image processing system 10 according to a first those involved in surgery more vividly perceive the red 
embodiment . component displayed on the display , while they are less 
FIG . 3 is a block diagram showing the functional con- likely to perceive the green component . This can be 

figuration of the image processing system 10 . explained as being caused by changes in the color gamut by 
FIG . 4A is a block diagram showing the functional 40 the influence of chromaticity adaptation described above . 

configuration of a color space converter 6 , and FIG . 4B is a As seen above , it is advantageous for those involved in 
diagram showing the flow of a process performed by a surgery that the red component is more vividly perceived 
correction matrix determination unit 61 . under blue ambient light , while it is disadvantageous for 
FIG . 5A is a chromaticity diagram showing step S1 , and them that the green component is less likely to be perceived . 

FIG . 5B is a chromaticity diagram showing step S2 . 45 In view of the foregoing , the inventors of the present 
FIG . 6A is a chromaticity diagram showing step S3 , and application have invented an image processing system that 

FIG . 6B is a chromaticity diagram showing changes in the converts the color space such that , with respect to only 
color gamut by color space conversion . particular color components in user - perceived color gamut 

FIG . 7A is a chromaticity diagram showing the influence narrowed by the influence of chromaticity adaptation , the 
of chromatic adaptation in a modification 1 , and FIG . 7B is 50 influence is canceled . The configuration thereof will be 
a chromaticity diagram showing changes in the color gamut described below . 
by color space conversion in the modification 1 . 

FIG . 8A is a chromaticity diagram showing the influence 2. First Embodiment 
of chromatic adaptation in a modification 2 , and FIG . 8B is 
a chromaticity diagram showing changes in the color gamut 55 ( 2.1 . Hardware Configuration of Image Processing System 
by color space conversion in the modification 2 . 

FIG.9A is a chromaticity diagram showing an example of Referring to FIG . 2 , the hardware configuration of an 
the correction of intermediate colors in a modification 3 , and image processing system 10 will be described . As shown in 
FIG . 9B is a chromaticity diagram showing another example FIG . 2 , the image processing system 10 includes an image 
of the correction of intermediate colors in the modification 60 processing device 1 and an image display device 2. The 
3 . image processing device 1 and image display device 2 are 
FIG . 10 is a block diagram showing the functional con- configured to be able to communicate with each other 

figuration of an image processing system 20 according to a through a video signal cable 11 and a control signal cable 12 . 
second embodiment . The image processing device 1 transmits image data to the 
FIG . 11 is a block diagram showing the functional con- 65 image display device 2 through the video signal cable 11 . 

figuration of an image processing system 30 according to a Images based on the image data are displayed on a display 
third embodiment . unit 7 of the image display device 2. The image processing 

2 

a 

10 ) 

a 



15 

a 

Lc L 

Mc 

SC S 

0 0 
30 Mad = 0 

0 

US 11,380,239 B2 
5 6 

device 1 and image display device 2 transmit and receive so - called “ cloud computing . ” In the case of hardware , the 
control signals and data to and from each other through the elements are implemented by various types of circuits , such 
control signal cable 12 . as ASIC , FPGA , and DRP . 
The image processing device 1 is connected to , for The display unit 7 displays the image data as images and 

example , an endoscopic examination device ( not shown ) . 5 consists of , for example , a liquid crystal display panel , 
Thus , those involved in endoscopic surgery are able to organic EL display panel , touchscreen display , electronic 
visually check images outputted from the endoscopic exami- paper , or other type of display . The display unit 7 displays , 
nation device on the display unit 7 . as output images , the image data using the color components 
( 2.2 . Functional Configuration of Image Processing System corrected by the color space converter 6 . 
10 ) 10 ( 2.3 . Process by Chromatic Adaptation Calculator 4 ) 

Referring to FIG . 3 , the functional configuration of the The process performed by the chromatic adaptation cal 
culator 4 will be described . Note that conversion formulas image processing system 10 will be described . As shown in 

FIG . 3 , the image processing device 1 includes an ambient and conversion matrixes described below are only illustra 
tive and not limiting . light information acquisition unit 3 , a chromatic adaptation The chromatic adaptation calculator 4 calculates the influ calculator 4 , and an image output unit 5. The image display ence of chromatic adaptation under ambient light . Various device 2 includes a color space converter 6 and the display formulas for calculating the influence of chromatic adapta 

unit 7 . tion are already known . For example , the CIECAM02 model 
The ambient light information acquisition unit 3 acquires , provides the following Formulas ( 1 ) and ( 2 ) . 

as ambient light information , the LMS values of ambient 20 
light under which the image processing device 1 is disposed , 
using , for example , a color sensor that detects the color of [ Formula 1 ] 
the ambient light . The LMS values are also called “ cone 
stimulus values ” and are physical quantities for defining the ( 1 ) 

color on the basis of the response of the photoreceptors 25 = Mad M 

( cones ) of a human to the hue . 
The chromatic adaptation calculator 4 calculates the influ [ Formula 2 ] 

ence of chromatic adaptation caused by the ambient light on 
the basis of the ambient light information acquired by the LpD + 1 - D ( 2 ) 

ambient light information acquisition unit 3. The chromatic MpD + 1 - D 

adaptation calculator 4 may calculate the influence of chro SpD + 1 - D ) 

matic adaptation on the basis of ambient light information 
detected by the ambient light information acquisition unit 3 In Formula ( 1 ) , L , M , and S represent the LMS values of at predetermined time intervals , or may calculate the influ 35 an object under white light , and Lc , Mc , and Sc represent the ence of chromatic adaptation by averaging measurement LMS values of the object perceived by a human under values detected by the ambient light information acquisition ambient light . In Formula ( 2 ) , Lp , Mp , and Sp represent the 
unit 3 in a predetermined period . Details of the process ratios in the LMS values between white light and ambient 
performed by the chromatic adaptation calculator 4 will be light and represent the amounts changed by the influence of 
described later . 40 the ambient light . D is called “ adaptation factor , ” is a 

The image output unit 5 outputs image data to be dis- physical quantity representing the degree of adaptation of 
played on the display unit 7 of the image display device 2 . the user to the environment , and is properly set between 0 
For example , the image data includes color components and 1 in accordance with the environment . 
including three primary colors consisting of red , green , and Mad in Formula ( 2 ) is called “ chromatic adaptation 
blue and has a color space represented by the color compo- 45 conversion matrix ” and represents the influence of chro 
nents . As used herein , the term “ color space ” refers to a matic adaptation caused by the ambient light . As shown in 
space formed by values that can be taken by the color Formula ( 1 ) , by performing the operation of the chromatic 
components . adaptation conversion matrix on the LMS values of the 

The color space converter 6 corrects the color components object under white light , the LMS values of the object 
of the image data by converting the color space of the image 50 perceived by the human under the ambient light are calcu 
data such that , with respect to only particular color compo- lated . 
nents in user - perceived color gamut narrowed by the influ- The chromatic adaptation calculator 4 calculates the chro 
ence of chromaticity adaptation , the influence is canceled . matic adaptation conversion matrix Mad on the basis of the 
As used herein , the term " color gamut ” refers to the range ambient light information ( LMS values ) transmitted from 
of values that can be taken by the color components and is 55 the ambient light information acquisition unit 3 and trans 
a concept that can be included in the color space . Details of mits the calculated chromatic adaptation conversion matrix 
the process performed by the color space converter 6 will be Mad to the color space converter 6 as the influence of 
described later . chromatic adaptation . 

The above elements may be implemented by software or ( 2.4 . Process by Color Space Converter 6 ) 
hardware . In the case of software , the elements are imple- 60 Referring to FIG . 4A , the process performed by the color 
mented by execution of a program by the CPU . The program space converter 6 will be described . As shown in FIG . 4A , 
may be stored in a storage unit included in the image the color space converter 6 includes a correction matrix 
processing device 1 or image display device 2 ( memory , determination unit 61 , a y operation unit 62 , a correction 
HDD , SSD or the like ) , or may be stored in a non - transitory matrix operation unit 63 , and a display characteristics cor 
computer - readable storage medium . It is also possible to 65 rection unit 64 . 
read the program from an external storage unit and to The correction matrix determination unit 61 determines a 
implement the elements by execution of the program by correction matrix Mam for canceling the influence of the 
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ambient light with respect to only particular color compo- colorimetric system and are used when drawing a chroma 
nents of the image data , on the basis of the chromatic ticity diagram . As an example , the CIECAM02 model 
adaptation conversion matrix Mad representing the influ- provides the following conversion matrix as Mxl . 
ence of chromatic adaptation and transmitted from the 
chromatic adaptation calculator 4. Details of the process 
performed by the correction matrix determination unit 61 [ Formula 6 ] 
will be described later . 0.429 -0.162 ( 6 ) The y operation unit 62 determines a gradation charac Y -0.703 1.697 0.006 teristic ( y curve ) to be displayed on the display unit 7 , with 

0.003 0.013 respect to the image data transmitted from the image output 0.983 

unit 5 and performs y correction on the image data . The y 
operation unit 62 transmits the image data whose gradation 
characteristic has been determined , to the correction matrix A conversion matrix Mad - 1 in Formula ( 4 ) means the 
operation unit 63 . inverse matrix of the chromatic adaptation conversion 

The correction matrix operation unit 63 performs an 15 matrix Mad . By performing the operation of the inverse 
operation on the image data using the correction matrix matrix of the chromatic adaptation conversion matrix Mad 
Mam determined by the correction matrix determination unit on the color gamut G1 , the color gamut G3 that allows the 
61. The correction matrix operation unit 63 transmits the color gamut G1 to be perceived under blue ambient light is 
image data after the operation with the correction matrix obtained . That is , the following Relational Expression ( 7 ) 
Mam to the display characteristics correction unit 64. 20 holds . 
Details of the process performed by the correction matrix 
operation unit 63 will be described later . 

The display characteristics correction unit 64 performs a [ Formula 7 ] 
correction process in accordance with display characteristics 
of the display unit 7. The display characteristics correction ( 7 ) 
unit 64 displays the resulting image data on the display unit 
7 as output images . 
( 2.5 . Processes by Correction Matrix Determination Unit 61 
and Correction Matrix Operation Unit 63 ) 

Referring to FIGS . 4B to 6B , the processes performed by Mlx in Formula ( 5 ) is a conversion matrix for converting 
the correction matrix determination unit 61 and correction the LMS values into XYZ values . The conversion matrix 
matrix operation unit 63 will be described . In the description Mlx is obtained as the inverse matrix of the conversion 
below , for example , it is assumed that the ambient light is matrix Mxl . 
bluish light , the color gamut of the color components of the 
image data is sRGB , and the color gamut as display char- 35 A chromaticity diagram of the color gamut G3 obtained in 
acteristics of the display unit 7 is Adobe RGB ( red : step Si is shown in FIG . 5A . As shown in FIG . 5A , the color 
X = 0.640 , Y = 0.330 , green : X = 0.210 , Y = 0.710 , blue : gamut G3 is formed so as to be displaced from the color 
X = 0.150 , Y = 0.060 ) . gamut G1 in a direction opposite to the direction of red . 

In step Si , the correction matrix determination unit 61 Then , in step S2 , the correction matrix determination unit 
obtains color gamut G3 by performing color gamut conver- 61 performs a rounding process on the color gamut G3 . As 
sion represented by Formulas ( 3 ) to ( 5 ) on the sRGB color shown by an area D1 in FIG . 5A , the color gamut G3 
gamut G1 , which is the color gamut of the image data , on the includes an area outside Adobe RGB color gamut G4 
basis of the chromatic adaptation conversion matrix Mad displayable on the display unit 7. In this case , information on 
transmitted from the chromatic adaptation calculator 4 . color components in this area is not properly displayed on 

the display unit 7. For this reason , a rounding process is 
performed on the color gamut G3 so that such information 

[ Formula 3 ] falls within the color gamut G4 . Thus , as shown in FIG . 5B , 
rounded color gamut G3 * is obtained . ( 3 ) 
Then , in step S3 , the correction matrix determination unit 

61 determines corrected color gamut G5 . As shown by the 
area D1 in FIG . 6A , it is assumed that the green component 

[ Formula 4 ] of the corrected color gamut G5 has the same value as that 
of the color gamut G3 * obtained in the rounding process of 

L ( 4 ) 55 step S2 . On the other hand , as shown by areas D2 and D3 , 
= Mad - 1 M it is assumed that the red and blue components of the 

S corrected color gamut G5 have the same values as those of 
the color gamut G1 . In this manner , the corrected color 

[ Formula 5 ] gamut G5 is determined . 
( 5 ) 60 Then , in step S4 , the correction matrix determination unit 

= MIX M 61 determines the correction matrix Mam . The correction 
matrix Mam is a conversion matrix for correcting the RGB 
values of the Adobe RGB color gamut G4 , which are display 
characteristics of the display unit 7 , so that the RGB values 

Mxl in Formula ( 3 ) is a conversion matrix for converting 65 are displayed using the RGB values of the corrected color 
the XYZ values into LMS values . The XYZ values are gamut G5 obtained in step S3 . The correction matrix Mam 
physical quantities for representing a color using an XYZ is represented by the following Formulas ( 8 ) and ( 9 ) . 

a 

40 

45 

L X 

01 - = Mxl Y 50 

S Z G1 G1 

L 

G3 G1 

X L 

0 --- Y 

G3 G1 

a 



R R ( 8 ) 
G = Mam G 
B ?. G5 GA 

9 

= 

US 11,380,239 B2 
9 10 

the red component of the color gamut G1 is set as that of the 
[ Formula 8 ] corrected color gamut G5 ( see an area D2 in FIG . 6A ) . As 

a result , the user is able to more vividly perceive the red 
component of the image data under blue ambient light than 

5 under while light . As seen above , the image processing 
system 10 according to the present embodiment is able to 
reduce the influence of chromatic adaptation with respect to 

[ Formula 9 ] only the particular colors while enjoying the advantage of 
Mam = MGS X MGA ( 9 ) chromatic adaptation and thus to improve the visibility 

10 under colored ambient light . 
( 2.7 . Modification 1 ) 

Mrx in Formula ( 9 ) is a conversion matrix for converting Referring to FIGS . 7A and 7B , a modification 1 of the first 
the RGB values into XYZ values . The conversion matrix embodiment will be described . In the above description , the 
Mrx is obtained by determining the color gamut and the ambient light is bluish light and therefore the color space 
white point . As an example , a conversion matrix in a case in 15 converter 6 converts the color gamut such that , with respect 
which the reference chromaticity P is white point D65 with to the greenish color components in the color gamut nar 
respect to the sRGB color gamut G1 is represented as the rowed by the influence of chromaticity adaptation , the 
following Formula ( 10 ) . As used herein , the term “ reference influence is canceled . On the other hand , in the modification 
chromaticity ” refers to chromaticity used as a reference 1 , a case in which the ambient light is reddish light will be 

20 described . before and after converting the color space . In other words , 
the reference chromaticity refers to a target point for moving FIG . 7A shows a color gamut G2 perceived when viewing 

an sRGB color gamut G1 in the case in which the ambient the position of the corrected white point . light is reddish light . As shown in FIG . 7A , the color gamut 
G2 is widened in the direction of green and narrowed in the 

25 direction of red compared to the color gamut G1 , while it is [ Formula 10 ] almost not changed in the direction of blue . For this reason , 
0.412 0.357 0.180 ( 10 ) in the modification 1 , the color space converter 6 converts 

MG 0.212 0.715 0.072 the color gamut such that , with respect to only the reddish 
colors , which are particular color components in color 0.019 0.119 0.950 30 gamut narrowed by the ambient light , the influence of 
chromatic adaptation is canceled . The sRGB color gamut G1 

Mxr in Formula ( 9 ) is a conversion matrix for converting and an Adobe RGB color gamut G4 have the same wideness 
the XYZ values into RGB values . The conversion matrix in the directions of red and blue . Accordingly , in the modi 
Mxr is obtained as the inverse matrix of the conversion fication 1 , a display capable of displaying wider color gamut 
matrix Mrx . That is , the conversion matrix Mxr is also 35 than the Adobe RGB color gamut is used . 
obtained by determining the color gamut and the reference FIG . 7B shows a color gamut G6 perceived when a 
chromaticity P. corrected color gamut G5 determined by the correction 

The correction matrix determination unit 61 determines matrix determination unit 61 in the modification 1 is viewed 
the correction matrix Mam in Formula ( 9 ) on the basis of the under red ambient light . As shown in FIG . 7B , even if the 
color gamut G4 as display characteristics of the display unit 40 ambient light is reddish light , the color gamut is converted 
7 , the corrected color gamut G5 obtained in steps until S3 , such that , with respect to in the direction of green , in which 
and the reference chromaticity Pand transmits the correction the color gamut is widened by the influence of chromaticity 
matrix Mam to the correction matrix operation unit 63 . adaptation , the influence is maintained while , with respect to 

The correction matrix operation unit 63 corrects the color the direction of red , in which the color gamut is narrowed by 
components of the image data using the correction matrix 45 the influence of chromaticity adaptation , the influence is 
Mam . Thus , the color gamut of the image data displayed on canceled . 
the display unit 7 is converted from the Adobe RGB color ( 2.8 . Modification 2 ) 
gamut G4 into the corrected color gamut G5 . As a result , the Referring to FIGS . 8A and 8B , a modification 2 of the first 
user perceives images displayed on the display unit 7 with embodiment will be described . In the modification 1 , the 
color gamut G6 , which is perceived when viewing the 50 ambient light is reddish light and therefore the color gamut 
corrected color gamut G5 under blue ambient light . is converted such that , with respect to the reddish compo 
FIG . 6B shows the color gamut G6 perceived when nents in the color gamut narrowed by the influence of 

viewing the corrected color gamut G5 under blue ambient chromatic adaptation , the influence is canceled . On the other 
light . As shown in FIG . 6B , the green component of the color hand , in the modification 2 , a case in which the ambient light 
gamut G6 has almost the same value as that of the color 55 is greenish light will be described . 
gamut G1 . This is because , in step S3 , almost the same value FIG . 8A shows a color gamut G2 perceived when viewing 
as the green component of color gamut obtained by per- an sRGB color gamut G1 in the case in which the ambient 
forming color gamut conversion Q on the color gamut G1 is light is greenish light . As shown in FIG . 8A , the color gamut 
set as the value of the corrected color gamut G5 ( see the area G2 is narrowed in the directions of green and red and 
D1 of FIGS . 5A and 5B ) . As a result , the perception of the 60 widened in the direction of pink compared to the color 
greenish components of the image data under blue ambient gamut G1 , while it is almost not changed in the direction of 
light by the user comes close to the perception under white blue . For this reason , in the modification 2 , the color space 
light . converter 6 converts the color gamut such that , with respect 
On the other hand , the red component of the color gamut to only at least one of greenish components and reddish 

G6 has the same value as that of the color gamut G2 65 components , which are particular color components in color 
perceived when viewing the color gamut G1 under blue gamut narrowed by the ambient light , the influence of 
ambient light . This is because , in step S3 , the same value as chromatic adaptation is canceled . The sRGB color gamut G1 
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and Adobe RGB color gamut G4 have the same wideness in reference chromaticity P. In the present embodiment , the 
the directions of red and blue . Accordingly , in the modifi- ambient light is bluish light and therefore the color compo 
cation 2 , a display capable of displaying wider color gamut nent in the widened perceived color gamut is red . 
than the Adobe RGB color gamut is used . By setting the chromaticity P2 as the reference chroma 
FIG . 8B shows a color gamut G6 perceived when a ticity P , the color components of the image data are corrected 

corrected color gamut G5 determined by the correction such that the influence of chromatic adaptation on some 
matrix determination unit 61 in the modification 2 is viewed intermediate colors including weaker red components than 
under green ambient light . As shown in FIG . 8B , even if the the chromaticity P2 ( in this case , intermediate colors includ 
ambient light is greenish light , the color gamut is converted ing strong green components ) is canceled while the influ 
such that , with respect to the direction of pink , in which the ence of chromatic adaptation on intermediate colors includ 
color gamut is widened by the influence of chromaticity ing stronger red components than the chromaticity P2 is 
adaptation , the influence is maintained while , with respect to maintained , as shown by arrows in FIG . 9B . 
the directions of red and green , in which the color gamut is As an example of a method for obtaining the chromaticity 
narrowed by the influence of chromaticity adaptation , the P2 , it is possible to acquire , for each pixel , the chromaticity 
influence is canceled . under while light of the image data inputted to the y 
( 2.9 . Modification 3 ) operation unit 62 , and to use the average of the acquired 

Referring to FIGS . 9A and 9B , a modification 3 of the first chromaticity as the chromaticity P2 . Or , any other method 
embodiment will be described . In the modification 3 , chro- may be used to obtain the chromaticity P2 . 
maticity other than white point D65 is set as the reference 
chromaticity P. By setting such a reference chromaticity P , 20 3. Second Embodiment 
the influence of chromatic adaptation on some intermediate 
colors ( that is , the chromaticity inside the color gamut ) is Referring to FIG . 10 , an image processing system 20 
further canceled . according to a second embodiment will be described . In the 

In an example shown in FIG . 9A , chromaticity P1 per- description below , the same elements as those in the first 
ceived as white due to the influence of the ambient light 25 embodiment are given the same reference signs and will not 
( bluish light ) is set as the reference chromaticity P. The be described . 
chromaticity P1 is obtained by the following Formulas ( 11 ) As shown in FIG . 10 , the image processing system 20 
to ( 13 ) using the above - mentioned conversion matrix Mad- according to the second embodiment differs from the image 

processing system 10 according to the first embodiment in 
30 that an ambient light information acquisition unit 23 

acquires ambient light information from a storage unit 8 . 
[ Formula 11 ] That is , the ambient light information is previously regis 

tered in the storage unit 8 , and the ambient light information 
( 11 ) acquisition unit 23 transmits the ambient light information 

35 acquired from the storage unit 8 to a chromatic adaptation 
calculator 4. Thus , there is no need to implement a color 
sensor as an ambient light information acquisition unit 33 , 

[ Formula 12 ] resulting in a reduction in the cost . Note that multiple pieces 
( 12 ) of ambient light information may be registered in the storage 

= Mad - 1 M unit 8 so that the user selects among the pieces of ambient 
light information on the setting screen . 

1 . 

ELL = Mxil y 

L L 
40 

M 

S S P1 D65 

[ Formula 13 ] 4. Third Embodiment 

X L 

L - 049 Y = MXM 
S P1 P1 

( 13 ) 45 Referring to FIG . 11 , an image processing system 30 
according to a third embodiment will be described . 

Z As shown in FIG . 11 , the image processing system 30 
according to the third embodiment differs from the image 
processing system 10 according to the first embodiment in 

In this manner , the chromaticity P1 perceived as while due 50 that an image display device 32 includes an ambient light 
to the influence of the ambient light is obtained . The information acquisition unit 33. Specifically , the ambient 
correction matrix Mam in Formula ( 9 ) is determined using light information acquisition unit 33 acquires ambient light 
the chromaticity P1 as the reference chromaticity P. By information in the environment in which the image display 
converting the color gamut using the correction matrix Mam device 32 is disposed and transmits it to a chromatic 
thus obtained , the color components of the image data are 55 adaptation calculator included in an image processing device 
corrected such that the influence of chromatic adaptation on 31. This allows the ambient light information to be more 
intermediate colors is canceled . Specifically , by setting the accurately obtained on a display unit 7 on which image data 
reference chromaticity P such that the position of the cor- is displayed . 
rected white point is shifted from D65 to the chromaticity 
P1 , as shown in FIG . 9A , the color components of the image 60 5. Fourth Embodiment 
data are corrected such that the intermediate colors are 
shifted in the direction of arrows ( that is , in the direction in Referring to FIG . 12 , an image processing device 41 
which the influence of chromatic adaptation is canceled ) on according to a fourth embodiment will be described . 
the basis of the reference chromaticity P. As shown in FIG . 12 , the fourth embodiment provides the 

Also , in an example shown in FIG . 9B , chromaticity P2 65 image processing device 41. The image processing device 
belonging to a color component in perceived color gamut 41 includes an ambient light information acquisition unit 3 , 
widened by the influence of the ambient light is set as the a chromatic adaptation calculator 4 , and a color space 
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converter 6. The color space converter 6 performs a color 6 may calculate different multiple correction matrixes Mam 
space conversion process on image data outputted from an 1 to Mam7 with respect to multiple areas in the color space 
image output device 45. This configuration allows the pres- and correct the color components of the image data using 
ent invention to be applied to the existing image output these correction matrixes . While any method may be used to 
device 45 and image display device 42 . 5 set the areas in the color space corresponding to the correc 

tion matrixes , the areas may be set such that the white point 
6. Fifth Embodiment and nearby areas , and the other areas are converted using 

different conversion matrixes . 
Referring to FIG . 13 , an image display device 52 accord- Also , the color space converter 6 may correct the color 

ing to a fifth embodiment will be described . 10 components of the image data using a lookup table storing 
As shown in FIG . 13 , the fifth embodiment provides the the chromaticity correspondence between before and after 

image display device 52. The image display device 52 converting the color space , rather than calculating the cor 
includes an ambient light information acquisition unit 3 on rection matrix Mam . In this case , the lookup table may be set 
which a color sensor is implemented , a chromatic adaptation such that the chromaticity of the white point and nearby 
calculator 4 , a color space converter 6 , and a display unit 7. 15 areas appears to be white under ambient light ( that is , the 
The color space converter 6 performs a color space conver- influence of chromatic adaptation is canceled in these areas ) 
sion process on image data outputted from an image output and such that the influence of chromatic adaptation is 
device 45. This configuration allows the present invention to maintained in the other areas . 
be carried out in a form in which the configuration of the The present invention may be a computer program for 
present invention is integrally incorporated into the image 20 causing a computer to perform an image processing method 
display device 52 including the display unit 7 . for converting a color space represented by color compo 

The image display device 52 may include a storage unit , nents of image data , the image processing method including 
and the ambient light information acquisition unit 3 may a color space conversion step of correcting the color com 
acquire ambient light information from the storage unit . That ponents of the image data by converting the color space such 
is , the ambient light information is previously stored in the 25 that , with respect to particular color components in user 
storage unit , and the ambient light information acquisition perceived color gamut widened by influence of chromatic 
unit 3 transmits the ambient light information acquired from adaptation caused by ambient light , the influence is main 
the storage unit to the chromatic adaptation calculator 4 . tained and such that , with respect to particular color com 
Thus , there is no need to implement a color sensor as the ponents in user - perceived color gamut narrowed by the 
ambient light information acquisition unit 3 , resulting in a 30 influence , the influence is canceled . 
reduction in the cost . Multiple pieces of ambient light Also , the present invention may be realized as a non 
information may be registered in the storage unit so that the transitory computer - readable storage medium storing the 
user selects among the pieces of ambient light information above program . 
on the setting screen . While the various embodiments according to the present 

35 invention have been described , the embodiments are only 
7. Other Embodiments illustrative and are not intended to limit the scope of the 

invention . Various omissions , replacements , or changes can 
The present invention is not limited to the above embodi- be made to the above embodiments without departing from 

ments . For example , the adaptation factor D in Formula ( 2 ) the spirit and scope of the invention . The resulting embodi 
may be changeable by the user so that the degree of 40 ments and modifications thereof are included in the spirit 
correction of the color components in color space conver- and scope of the present invention , as well as included in the 
sion is controllable . scope of the invention set forth in the claims and equivalents 

While , in the above embodiments , the correction matrix thereof . 
determination unit 61 performs the color gamut rounding 
process in step S2 of FIG . 4B so that the color gamut falls 45 REFERENCE SIGNS LIST 
within the Adobe RGB color gamut , the color gamut round 
ing process S2 may be omitted by using a display unit 10 , 20 , 30 : image processing system , 1 , 21 , 31 , 41 : image 
capable of displaying wider color gamut than the color space processing device , 2 , 32 , 42 : image display device , 3 , 23 , 33 : 
whose color gamut has been converted in step Si . ambient light information acquisition unit , 4 : chromatic 

While , in the above embodiments , the image processing 50 adaptation calculator , 5 : image output unit , 6 : color space 
system 10 includes the ambient light information acquisition converter , 7 : display unit , 8 : storage unit , 11 : video signal 
unit 3 and chromatic adaptation calculator 4 , this example is cable , 12 : control signal cable , 45 : image output device , 61 : 
not limiting . For example , the influence of chromatic adap- correction matrix determination unit , 62 : y operation unit , Y 
tation on the basis of ambient light may be previously 63 : correction matrix operation unit , 64 : display character 
calculated , and the color space converter 6 may perform a 55 istics correction unit 
color space conversion process on the basis of the influence The invention claimed is : 
of chromatic adaptation stored in the stored unit . 1. An image processing system for converting a color 

While , in the above embodiments , the chromatic adapta- space represented by color components of image data , 
tion calculator 4 calculates the chromatic adaptation con- comprising : 
version matrix Mad as the influence of chromatic adaptation , 60 a color space converter configured to correct the color 
this example is not limiting . For example , the chromatic components of the image data by converting the color 
adaptation calculator 4 may calculate Lp , Mp , and Sp in space 
Formula ( 2 ) and transmit them to the color space converter such that influence of chromatic adaptation caused by 
6 as the influence of chromatic adaptation . ambient light is maintained for particular color com 

Also , the color space converter 6 may perform different 65 ponents belonging to a portion of a color gamut of 
conversion processes on multiple areas in the color space . the image data , wherein a perceived color gamut is 
For example , as shown in FIG . 14 , the color space converter widened relative to the color gamut in the portion 
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due to the influence when a user perceives color in a reference in conversion of the color space so that the 
the color gamut under the ambient light , and influence of the chromatic adaptation on intermediate colors 

such that the influence is canceled for particular color is further canceled . 
components belonging to another portion of the 13. The image processing system of claim 12 , wherein the 
color gamut , wherein the perceived color gamut is 5 reference chromaticity is chromaticity perceived as white 
narrowed relative to the color gamut in the another due to influence of the ambient light . 
portion due to the influence when the user perceives 14. The image processing system of claim 12 , 
color in the color gamut under the ambient light ; and wherein the color space converter is configured to convert 

a display unit configured to display , as an output image , the color space such that chromaticity of one color 
the image data using the corrected color components . 10 component belonging to a portion of the color gamut of 

2. The image processing system of claim 1 , further the image data is fixed , and 
comprising : when the user perceives color in the color gamut under the 

an ambient light information acquisition unit configured ambient light , the perceived color gamut is widened 
to acquire information on the ambient light as ambient relative to the color gamut in the portion due to the 
light information ; and influence . 

a chromatic adaptation calculator configured to calculate 15. The image processing system of claim 1 , wherein the 
the influence of the chromatic adaptation caused by the color space converter performs different conversion pro 
ambient light on the basis of the acquired ambient light cesses on a plurality of areas in the color space . 
information and to output the influence of the chro- 16. An image processing device for converting a color 
matic adaptation to the color space converter . 20 space represented by color components of image data , the 

3. The image processing system of claim 1 , image processing device comprising a color space converter 
wherein the color components comprise three primary configured to correct the color components of the image data 

colors consisting of red , green , and blue , and by converting the color space 
when the ambient light is a bluish color and the particular such that influence of chromatic adaptation caused by 

color components belonging to the another portion 25 ambient light is maintained with respect to for particu 
include a greenish color . lar color components belonging to a portion of a color 

4. The image processing system of claim 1 , gamut of the image data , wherein a perceived color 
wherein the color components comprise three primary gamut is widened relative to the color gamut in the 

colors consisting of red , green , and blue , and portion due to the influence when a user perceives color 
when the ambient light is a reddish color , and the par- 30 in the color gamut under the ambient light , and 

ticular color components belonging to the another such that the influence is canceled for particular color 
portion include a reddish color . components belonging to another portion of the color 

5. The image processing system of claim 1 , gamut , wherein the perceived color gamut is narrowed 
wherein the color components comprise three primary relative to the color gamut in the another portion due to 

colors consisting of red , green , and blue , and the influence when the user perceives color in the color 
when the ambient light is a greenish color , the particular gamut under the ambient light . 

color components belonging to the another portion 17. An image processing method for converting a color 
include a reddish color and / or a greenish color . space represented by color components of image data , the 

6. The image processing system of claim 1 , wherein the image processing method comprising a color space conver 
display unit is configured to be able to display wider color 40 sion step of correcting the color components of the image 
gamut than the converted color space . data by converting the color space 

7. The image processing system of claim 1 , wherein if the such that influence of chromatic adaptation caused by 
converted color space exceeds color gamut displayable on ambient light is maintained for particular color com 
the display unit , the color space converter performs a ponents belonging to a portion of a color gamut of the 
rounding process on the color space so that the color space 45 image data , wherein a perceived color gamut is wid 
falls within the color gamut . ened relative to the color gamut in the portion due to the 

8. The image processing system of claim 7 , wherein influence when a user perceives color in the color 
the color space of the image data an sRGB color space , gamut under the ambient light , and 

and such that the influence is canceled for particular color 
a color space displayable on the display unit is color 50 components belonging to another portion of the color 

gamut defined by red where X = 0.640 and Y = 0.330 , gamut , wherein the perceived color gamut is narrowed 
green where X = 0.210 and Y = 0.710 , and blue where relative to the color gamut in the another portion due to 
X = 0.150 and Y = 0.060 . by the influence when the user perceives color in the 

9. The image processing system of claim 1 , wherein the color gamut under the ambient light , the influence is 
color space converter is configured to allow the user to 55 canceled . 
control a degree of correction of the color components . 18. A non - transitory computer - readable storage medium 

10. The image processing system of claim 2 , wherein the storing a computer program for causing a computer to 
ambient light information acquisition unit comprises a color perform an image processing method for converting a color 
sensor configured to detect color components of the ambient space represented by color components of image data , the 
light as ambient light information . 60 image processing method comprising a color space conver 

11. The image processing system of claim 10 , wherein the sion step of correcting the color components of the image 
chromatic adaptation calculator calculates the influence of data by converting the color space 
the chromatic adaptation by averaging the ambient light such that influence of chromatic adaptation caused by 
information detected by the color sensor in a predetermined ambient light is maintained for particular color com 
period . ponents belonging to a portion of a color gamut of the 

12. The image processing system of claim 1 , wherein the image data , wherein a perceived color gamut is wid 
color space converter sets reference chromaticity serving as ened relative to the color gamut in the portion due to the 
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17 
influence when a user perceives color in the color 
gamut under the ambient light , and 

such that the influence is canceled for particular color 
components belonging to another portion of the color 
gamut , wherein the perceived color gamut is narrowed 5 
relative to the color gamut in the another portion due to 
by the influence when the user perceives color in the 
color gamut under the ambient light . 
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